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Abstract: 

The present invention is directed to a method of manufacturing a capacitor of a 
semiconductor device including a thermal treatment using hydrogen. The method includes 
forming a lower electrode on a semiconductor substrate, forming a dielectric layer using a 
high-k dielectric material on the lower electrode, and forming an upper electrode on the 
dielectric layer. Before or after the upper electrode is formed, the dielectric layer is 
thermally treated under an atmosphere including hydrogen to crystallize the dielectric layer. 
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(19) CflgJ&j^^^(KR) 
(12) 



<5t(A) 

(II) S?8£«& !0-a«J-ajtB123 

(43) g?8gm aomyoagGsg 



(21) 

(2g) mm 



I0-IS99-00373U 
1999^! 031*03% 



(71) mm 

(72) «sa 
(74) CH5I2? 



35! ^sjai ss? angisg 418 

3 Al §^ «3 &5I8S S S « 0}3)g3)Sg 1 ! 032: 

oiss. §s a J, sms 



(so ^± gxiaa 3Ett»s grsasasi ^gAia a2&is 



*2 a»ai 2KHH-S S«S1 5HS8AJE1 82 W«# JKAHthQ. 8 WSS} 3 Sgg, 

?I5 gfOfj £RS «£«»0. S<1¥ 3^ 2<W 2SSi 33^® i^'tCh & 

¥ a^S ffgttQ. Gltfli, *R# SigSPj SOIU Sa~M 1S£W?P! $|*8A| 
2t8l£- AI-S^KH SSefS 8S»2lflO. 



J#i3& &E< 

£ lg #2»2| BS* S*a J|2 *§•»!# «S*K?1 *i*IA1 JHSf^S £AI?J SrS?£Gl 
D. 

E2S E5g S a v g2| 2|1&A|Q8W 2jf+ gt£^ g*IS} 742 &>ii8# gg8K?l «*|A| JHS? 

sjss EAity ess a ±-i£0iCr. 

s as otai ?m 2321 gaaws »s gaersi s?*##ar sag £aj» □asoio. 
£ 4^ s srsai aeaAjetoi sag? gjsa 2*121 an ash as gass ssstfi ««ia 

£Alt) *SE0ID. 

£ 5- *' ®S2| a3&A|0ga SKT 'SA1S| ^SIAIEI *2 ©SI ggftPi «** JHWSJI 

£A1*J- *§£0fC). 

s eg e-'wsaj atttAioni am- be* §#21 ?n»Aia »2 ansa- assci mtim nsmzs. 

SLMti rSm 3£&EplQ. 

£ 7g 8 '»S2I X|5£SAI($08 21 ST gStl' S^SJ ?158A|£1 *2 tSi tiSSW *IS| AIW^SS 

S «!-£a gAi 12 Sf2S08 atr 4=2 SAfE!(Mn3«n 4nnealir.3)g 4*J810I 

J33Sg2J gg«i 9iS3AfEKcapscitQr)i »2S)J~ «ttH Stf 20JD. 

ersa ««a iis«i^oi cua ^oajeis} «a bs^oi arowja ssoi, »£a #»2j 



7-1 



m^tA i 0-2001 -0D2SJ23 



OiZm 2S2* lit S-SS?£5 33§$r SSM»< 2^ §§3 ?HSGI 08* gGi, 

«5g(Pt) §m as =?ig* is afe «ig 2-»*(Pto> §a asg a 3 gig cnssms a 
qi a-ssia aa. nan. mat* 33 iss 33a*t¥2i sag «a3(P»i«) sara 

gars as *£* swi is Z2wi mtHs. tm s^a safe,* §oi eshojo* L»a. 

oiem sajarg ss^sj ss &4WPI ^sjai 4*gss p«« mm 4 
so. «a«r§ ««rg« &t\ mwn &m %®swn mt ^sbchhs, so- «a mm 

M «S«2J tf^OI 01* Sl*IAf. SEfe S4:7r tt*PI0M £R«f 6KTC 0j#£} 12 

nau, otatr s*iafe s^2i swf?i £«ts s«j2f* l^aih * sjaoi, as, 

*f^2| £24' *«□ =f# L*mm 4= 2»Ch 0121 »S ihSHr SSJS §7} £*r £SS 132 
SSI 27I32! S*M g7t» 4= SJQ. SESh 471& US 82Bf 2 4>¥ 

Ot^fe 2} §1 2°1 gSj £-g.«^ithe«»i stress) <=S*H 331 »W * SIP-. OltHl tGEK 2? #1 
32j gs| igegA. S |0!SJ 7I2J3*£ i§58£ &&(stress dut&se)* S?gAi5f71Lf, #22*2} £E 
& £R2J S^{hiilock) £i?3 OfKaigrstim) §2K STS «ST* **AIS 4* SICK 0iJHtf*» 
*g* 2» 33W.fi 4*. : 2&. .• 




&&£f -¥8 Ml WS 

&?m mmm wmw $m s **si jjs 4hhi sh* s^a im § 

71 23 46i IIS «S9» S-StlQ. £71 4=4.-1 Sti-Sfe K*i7!S xm 

SiOl WISBfltBtJCf. 47! S22, fc 4^ 4^ E^M 

^71 Sn-gaStKr 9J8 01*08. 4*7! .HS^QSI fe'7t 8S2|« Af^ ife Si* SSfttS *«7l* 
M§«K31 582§^ag O ❖ SO- 4"?f W%MS.m~ CB«f LSXs ■ 600%£l 

2-S iE2J£S 4=1?SQ. 

& t&ga, *»a s$# cgef aocc ihxi $a?c sssi ^soo« 4=nsf05 «sarsi 
tf^Aii ^ sict-. oichs toe*, g^sf-si a- mm nm^ « -i^ 



OiSf, «^ £21 *28H» S »SSJ ^« filS»D. D^LK. S »@SJ ^AI8t»S 0121 

?m Q5 «aig a««* * s',so) . »- arssj s?Pr ommM nmtB mumms. m ®%$mn 

& 3££ ^I^SOi^Ai^ SJSO. * «sS£J ^AI0S*S S«l^«Af *3SI2S B S 

a-SB .«£> g^8K?l ?I88^ Xli-SfJOiXlS 3t0iO- »eMi> S.S»8Ai2j a.*2) ^4 l -Sg M 

a & mi &ztm mtx m^sum %oioi. £s ^oi<y sst? ^srs iajs §^ 
s^g 2fQjt?a. sm, am m cm ^ arssi 7issj siqau ?i*8£t£ i^og,: 

47} Of^f SfS ^I DS- 9| S^SiOj gJJS 4= SiU., ^ A}0Ktg ^3 

£ ! S £ S ^ S **2| J»|«AI8|0i 2JtT »S» ?|SgA!Ei KflS f^I «S^7i £j*8Ai 

3H«JS{SlS ess ?y SSSOID. 

?S=3S5S.g., §.SXi^.{H<£AlSJ3 SfS) SOI tfSS »S* 7te(SAJSiXI 8^5 AH3I88 
SAISiW ** »»®HS 2^(10)* %&mJKS. 221: 210)-: Omti Si* B3(1D)§ -»S» 
7iS2j S« .S* S7i'8|2S aSSCh- SMst 2^(19)21 mW£ fiMSKEAISOT-SMI) 
§0f SgaCK, §^ 2^('0)2* 2f§ 22J St S §i 3H2mH §i."2} SE& 01S§ S?Slg* 

«^ 2=?{10jg £2 *** aEiySHS tJ^, m?*a, ±*A ^^{stack structure) 

iEfe IS* S«? ^?S<burf«l contact structure) %m 7^£* ««ST 4 SiO. OI2|g> £2'» 

isfe is £5 g<% flst ii or«» mm, Ptvuu-ss irsif irg «tg^ ^ 

*** OfgS^U 0ia# «jg«> ?JgA **08 e*dr* S«SH3f Ol^OiJJS pto, m 
ffJi 2£« 2S*'S* OIS^? 4: SD. <U.Sr)Co: BaSrRyO,, SrRu£(, Sif- §fg 

^oig 4»s* 7fsj& ss« mmms awm 4 s^a- sti, omm ss sss.tj, tj«. tiais 

£fe Ti3i« STg Ti^ *9if- TaM. T«3iH <£^ TrAJH S2r SfS Ta^ *S* 

*.s * as m m m 's«m&;*i f * oistr * sta. • 

oiem £3 gss 2}2j2i ^-soi toe* ds i^gs ersjii 7is 4*-08 s*rs 4 sta. os* 101, 

IQSJ 7I4 1, l^(ra.:Phyiic.4l Vapour Deposition), mm ?\% §^(CVD:Che*icat Vapour 
Oepoeition'K gKF -gst^O^ofecular Organic Deposition) SES §Sf(AlDMtc«fc 

Layered Deposition) §££ S«nT 4- 271 £gg g* 01^ -v>£ SiCK 

or» arot *«s §w s^(io) ^aarcao* «««jcks as 220). oieta «2sr<2D)« 

«• SI 0ISD8, <T« 2^(10)21 JES* *2*20KPias«a) »Q £S £SCom») x^Sfe Q 
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S, CSatH.. SrTiO,, BetTiO, - SriFiQ,, PbTiCi, ££ (ft. U. ZririQ, i£g ^3^(20)1 &gff 

nan. oiaa ss as a asaxifc asa oeaa os*aa sgsrcscus as 4= as 

D. 

0121- i?OI tJSS g2a(20}€ SltiaS! g*J BISS oEHS &S£S£S UEK9Q. 3 

3^(20)* 01^5 .233 a 8S£ 3SS 2fllS 21 SD £3*8 LfEHSQ. OteM}. 0!2} g?g 
&S**2) Hi§l ^QJS| ^gej(20m *SaW3l £2 VttAITia *|tiA4 «*2i$f5 4= 
^£.CK£ 221 230). 

mm. ?h£oUg s^s: *€0«aj s*iaa 4Ht>a, 4^ a^s- £?ia aastgD), ■&> 

«3tS HlgS SHfil 32a{20) 1888 ©±(C) §2f 3>£ g£aa STISKr » 4= 2* 

d. ota«r«£»£ ««t ssacso) uids .g*«r 4= »aa,.wHti- S£ss s*ia £*« 

4*£a 2M*K8 3**80. 

4 

£KW, 3§£Ka&«U£ S£*' .#SY 4 5K£H, S^a AJ -EfiSS S£* aQ WS * Si 

'a.- eta -aa, at?fm \»n m-c ssa ssobai a*iaa 4*&s « sid-'UKratoi^ as? 
4«)-c §s2j ssnAi-4>tra , 4> Sid. oiat» a*ia §££. taa #&a sti*fe &*\ 
urn aimte %nm®M.m%s ms. mat -mm aa sisrw© S£ s*'c* *sfo, 

QI& ifg 4=4.- .*«PI«=0IS**£ &a08 CHoliAJ, a§8| £ 3§ #2e-|-0i #*iSK>i g 

881CK , . 

aaira a*ei s.mv ❖ sich, s*f ^ma^a $?a*;«?air 4 »a. at?, a 

%®jsi {*& m% sid. toaAj.-arsa §*ia a^ stfe »^ ^3»$H3s ^ 

am® am m'**. mmm saas ssar(20) ^» ^ a^(ao)« m^tsom m mh 

2^{3D0)g Pt, fei «S fr §2^ ffil^^ «ss s^sol OJ^fflXI^U, oia» «js 
^ §108 Ol^OJXiS; PtQ. E^J ag; irOt 12f US- £tff^ 01 

^ 4»SHISS Oi««S 4 %Q. tm, Ti. TIN, TiAfH £fe TISiH S» SS TtS Stt*fS *S» 
T«, TaN, T&SIN £~ TiAfN 11} Tai S&Sfe 11 £~ 8 X£ W -iHf ^§ W§ StJSfe 

of^oii sta. Gia*> as g§a ?t?-?2i £&a as fsi^ ss2r<^o) 

S*T1 ❖ ?iD. CjiS- 10L PVO, CVD, H00. Alii E~ 371 £SS «S1 4 S5Q. 

S SfSSl Ji?&'AI^9SAi2f 4i »^?f« OIS^S S«a« 21*1 <M ?ti5tfe &3fe 
2| S M £AIE! «W Si^JAj SO S^8SQ. 

£ 3S -g^Si 2358 #7} 6f#2{- ^KJ<s<«Hibriu» oxide thickness)!- SAjt? □a^OiO. 
^?a(S|2S, S-SSfl ?IS £ t SJ S 2S #5SH» B«l- ST0! S SS'^S 

^, (Mdi ?m wdmm ^mmw-. oiat.r mneiw mm wmts fim^t 
mm *s*kq, 6r^ ^?« s zR2i s. siCHSta- 1!4:2?# £Ai§paD, 

2| 32§0«.«. 4c& ?ts5jfe 88 *#P|21 Bl«f «« 1S7F S?8 SSt^SK. Sdb 7te Xfe-iT& 

7fc&& as ^Pia £8«r .a m.7isis.m %smio. mt. ««a ajss sopi. ^sia-j 

£ 3i.#^8ra, s s?^2i m&tm& 4=4= @si7ii ci^siot a^.wca #s ^aa$Af 
^siaste s§^ ?is -m &m mn® uajm ao. ^ Scii A>ssts s 

Bl^ C8«f W Cl^ £+&^ U£fLHJ2 SiD. ^^Sf- J?«?f 55g « 

j»a^.< 4£ &$Pii? a-§# i^, cksi 4co*ca %&®h as ssa 'a^aoi Hi*? -ta^s 
s *s ws.sit £ s»M.»-i> sf.a. 4^ **pis oi»*}a ««as^ s$ sas} 
2i usa 4m:8S|j2s s£«hai 4 sis* aratta. o!» ©§ ns^ s s?sa 
»i«ai«o««<» soi 4=^ ««7i« -mm m*m tmzmz&m, - so- ssmai a«a* 

4IS# 4 m & SD. ©8. Qiatt 4i S^^IMAffe o^ej §^2J-Qi 4H8£I^ &£Q. 0!£ 

»»7j a«j?i* ^£*:>5g, s^e^a iM»a.aiw^ sxa. 



£ 4S s ^a xi2^Ai8S(« a# sr£« &*fa anAia pas -^stpf sisiai ierai«s 

32^Aj9jo8«s mnAmwmi sroi 4=.* «?i?js a^aa lianas 4=i»*^.. aza^ 
211 4>i»»jo. »w ^§5>3, aiaAiaaAta ©oi si¥ s^a *(4io). ss^a 
ik:k433). ass} 44= a^jTia ^M^^at ^^AiogaiAM aoi aef soot; lhx! soo'c ssa s 

am, t*& as isi aoi s«s »#iaa oi«*ra ^a a2g»aa a«r soa-c taxi «»« ss 
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«ag mum 4£ so. 

£5£s grsss e was as^Afoiw sw es« s v *ra ?wA?a gnut m.M x 

«?3?£g £A|*^ 33 *IEO!Q. 

JBMiAlOIWAjS a&AiOIHAfSIS: S3 ^2S^2!§ 3« &'St ; 0|^f» 4tfBO. &Mt&t7i 

n 

2g 4>i**KK530). 0}OS (09, SS^Si ' 39*1* O&OHSCt. 

osor ^ssr on ^ tigefCK&o): oi$o§, as 14 m\ mm &9\?w mm\ 
o) &?m %2%nm» mmmw mi ^tio^mm/mm mc vm m* ^ss wg § 
£M/i *«i»o(sgo), otatr-jugsi s2s^ej& -#a€i;:<iaj2s.ieK», nzmm/m m\ asa 

"H SID: 



S3»»« rktiAf' 4*.* m^pjs ijusmi *^&a:<»0j'. aiaoi . : a ioahm* ratr \m 
sroi afar 3oox: ma. bote ssai g-s S53ss *aa8 4**s»ck as? srs- s^eiw era a, % 
®m m&mwM ma um mi zinm ssos* a«»^-; oi^sa. 

»8^A}0l«Ajg H4^Al!»ffllAi2fS *3 at 8*2} 0|#«, $28.^218 4»*t> 

d§» a^awaasj- m\ ss9} go* &^ s^a mzt* *ww> amm misnam 4= 

*<lt.CK?40). WgjCU, 14^AIS88|Ai «StT H*S* SOI CH«f 3G0t Ul« BWc S£2| €£ 52!«g S 

of^ei, 74s as msgAmnti am mm &~ §^ soi mm &%7\m mmw ^ 

21 782%ftEi% ■SWtlCKTSO). «!gjCH, £H«f 3CCTC UXI COO'C #g g£0IAi 4=tt»Q. Ojai*^ 

X^2g^i2!S WOlSt ^EJSg Sr'QJ, .^2 ££S $3gAJWSA}S9 gTCi 33-2 SAmfe S^g 
4=SMtr as- Efe 1^:^ 3E«S g*W2J 8&2QJ- »ag CH^^ 4=£ S!D. 

gsj .-issi Af# uisiAj ©■ gotei s#si 7® wb m 3 stacm jbsoi ^t^oj aw 



a »s« »gs, 8S-s*2i g-?P!2) ao- -ssmai 4s«a& *«as ? 

s<» * ?io. oi« tftH}, m sf-^oj. ssafe s«te*.«2j 4= sia. atr, g«i 

&m±2i vt$% 4= sioj .. AHgjiA §3} irs ««a sr-gs wjks 4= xio. oi« m 
a, grsa am a&' arista .sst ««• w in irs »??sr « 

«?i as? «oi'--a»ai sfj<: 

»l 4 l ¥ 3^0! tJgsi Sll^f 41-1 iSt* S^7)§ Af-iSf« HS*iaofe HtJSf- 

at «fe ©si s»a mm ®% : . 

%?\ mmzm mm n*. %~ s.** rn^fe »'«7is At§tK)! azaaasHr mm mm 
& a# "ism ®%w mma ®z ««. - 

CHSf 3Xrc LHX ! SOOXSJ SE 325 £S 4tg£l£ §-S£g tfe afS« '2xi£i ?{ggAIEi .15 » 
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400 *€ 400 1; 4oo*c soot: 
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